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Description 

Field  of  the  Invention 

5  The  invention  relates  generally  to  a  process  for  converting  carbon  disulfide  (CS2)  to  hydrogen  sulfide 
(H2S)  by  hydrolysis.  In  particular,  the  invention  relates  to  a  two  stage  process  wherein  H2S  and  CS2  are 
manufactured  by  the  reaction  of  natural  gas  and  excess  sulfur  in  a  first  stage,  and  CS2  is  then  converted  to 
additional  H2S  by  hydrolysis  of  the  CS2  in  a  second  stage. 

70  Background  of  the  Invention 

The  manufacture  of  H2S  from  the  reaction  of  natural  gas  (i.e.,  primarily  methane)  and  sulfur  is  known. 
The  reaction  products  (H2S,  CS2  and  unreacted  sulfur)  are  formed  when  methane  and  excess  sulfur  are 
converted  at  elevated  temperature  according  to  the  reaction  of  equation  (I): 

75 

20 

CH4  +  4S  >  2H2S  +  CS2  +  ( u n r e a c t e d   s u l f u r )   ( I )  
e x c e s s   S 
e l e v a t e d   t e m p .  

A  one-step  process  for  manufacturing  H2S  from  natural  gas,  sulfur  and  steam  is  also  known.  The 
components  are  all  combined  to  form  H2S  and  carbon  dioxide  (CO2)  according  to  the  reaction  of  equation 
(II): 

CH1  +  4S  +2H20  >  4H2S  +  C02  +  ( u n r e a c t e d   s u l f u r )   ( I I )  
e x c e s s   S 

30 
Major  disadvantages  of  the  one-step  process  of  equation  (II)  include: 

(1)  The  subsequent  removal  of  unreacted  sulfur  from  the  other  reaction  co-products  is  often  difficult. 
Removal  of  unreacted  sulfur  by  solidification  and  remelting,  in  downstream  condensers,  is  often 
incomplete,  resulting  in  equipment  plugging. 

35  (2)  The  process  fails  to  provide  a  means  for  condensing  and  recycling  excess  water.  As  a  result,  the 
excess  water  is  limited  to  the  amount  of  water  vapor  that  leaves  with  the  vapor  reaction  products  (usually 
about  a  25  wt.%  excess).  This  condition  produces  fairly  high  quantities  of  COS  (e.g.,  0.58  wt.%)  in  the 
H2S/CO2  reaction  product  stream. 
(3)  The  process  increases  equipment  corrosion  due  to  the  presence  of  water  vapor  at  elevated 

40  temperature  (i.e.,  1  150  0  F/621  0  C).  The  process  does  not  provide  a  way  of  reducing  the  reaction 
temperature  to  a  value  where  corrosion  is  minimized  (i.e.,  700°F/371  °C). 

Once  the  reaction  of  equation  (I)  takes  place,  H2S  may  be  recovered  from  its  gaseous  mixture  with  CS2 
by  converting  CS2  to  additional  H2S  in  a  fixed  bed  hydrolysis  reactor.  It  is  possible  by  hydrolysis  with 
steam  to  convert  almost  all  of  the  CS2  (to  a  total  concentration  of  up  to  6  volume  percent  CS2)  found  in  the 

45  gaseous  mixture  consisting  mostly  of  H2S.  The  conversion  takes  place  according  to  the  reaction  of  equation 
(III): 

(n)H2S  +  CS2  +  2H2D  ►  ( n + 2 ) H 2 S   +  C02  ( I I I )  
+  ( u n c o n v e r t e d   CS2  ) 
+  s u l f u r  

A  catalyst  is  often  used  in  the  fixed  bed  hydrolysis  reactor  to  catalyze  the  above  reaction.  The  hydrolysis 
55  reaction  is  highly  exothermic  and  takes  place  in  the  absence  of  oxygen.  Reactor  outlet  temperatures  well  in 

excess  of  700  0  F/371  0  C  are  possible.  However,  in  situations  where  the  CS2  concentration  is  often  in  excess 
of  6  volume  percent,  the  above-identified  hydrolysis  process  is  not  workable  since  large  excesses  of  water 
are  required  to  control  the  hydrolysis  reaction  outlet  temperature.  Moreover,  the  small  amounts  of  sulfur 
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which  are  formed  in  CS2  hydrolysis  must  be  subsequently  removed  in  order  to  avoid  equipment  plugging. 
Clearly  what  is  needed  is  a  process  capable  of  converting  CS2  to  additional  H2S  in  a  H2S/CS2  mixture 

which  does  not  have  the  disadvantages  inherent  in  the  prior  art.  The  process  should  permit  substantially 
complete  conversion  of  CS2  to  H2S  under  conditions  which  minimize  COS  formation,  energy  expenditures, 

5  and  equipment  plugging.  Conversion  should  take  place  where  high  concentrations  of  CS2  are  present  within 
the  H2S  (»6  vol.%  CS2).  In  particular,  conversion  of  CS2  to  H2S  by  hydrolysis  should  be  conducted  under 
conditions  where  a  relatively  low  temperature  (i.e.,  700°F/371°C)  is  maintained  at  the  outlet  of  the 
hydrolysis  reactor  so  that  the  reactor  also  converts  COS  to  additional  H2S  and  so  that  equipment  corrosion 
is  minimized. 

10  Other  objects  and  advantages  of  the  present  invention  will  become  apparent  to  those  skilled  in  the  art 
with  reference  to  the  attached  drawing  and  the  description  of  the  invention  which  hereinafter  follows. 

Summary  of  the  Invention 

15  A  process  for  converting  CS2  to  H2S  by  hydrolysis  is  provided.  In  general,  the  invention  relates  to  a  one 
stage  process  for  converting  CS2  to  H2S  by  hydrolysis  comprising  the  steps  of: 

(a)  combining  CS2  or  a  H2S/CS2  mixture  containing  on  a  mole  basis  from  about  6%  to  about  100%  CS2, 
with  water  to  form  a  feed  mixture; 
(b)  converting  a  substantial  portion  of  the  CS2  in  the  mixture  by  hydrolysis  to  a  hydrolysis  reaction  vapor 

20  product  comprising  H2S,  CO2,  sulfur  and  unconverted  CS2;  and 
(c)  cooling  the  hydrolysis  reaction  vapor  product  to  form  a  H2S/CO2  vapor  phase  and  a  sour  water 
condensate  phase; 
(d)  separating  the  H2S/CO2  vapor  phase  from  the  sour  water  condensate  phase;  and 
(e)  recycling  sour  water  from  the  sour  water  condensate  phase  to  the  feed  mixture. 

25  In  another  aspect,  the  invention  relates  to  a  two  stage  process  comprising  the  steps  of: 
(a)  reacting  natural  gas  with  excess  sulfur  at  elevated  temperature  to  form  a  H2S/CS2  reaction  product 
comprising  H2S,  CS2  and  unreacted  sulfur; 
(b)  removing  the  unreacted  sulfur  from  the  H2S/CS2  reaction  product  to  form  a  desulfurized  H2S/CS2 
mixture  containing  on  a  mole  basis  from  about  6%  to  about  100%  CS2,; 

30  (c)  combining  the  desulfurized  H2S/CS2  mixture  with  water  to  form  a  feed  mixture; 
(d)  converting  a  substantial  portion  of  the  CS2  in  the  feed  mixture  by  hydrolysis  to  a  hydrolysis  reaction 
vapor  product  comprising  H2S,  CO2,  sulfur  and  unconverted  CS2; 
(e)  cooling  the  hydrolysis  reaction  vapor  product  to  form  a  H2S/CO2  vapor  phase  and  a  sour  water 
condensate  phase; 

35  (f)  separating  the  H2S/CO2  vapor  phase  from  the  sour  water  condensate  phase;  and 
(g)  recycling  sour  water  from  the  sour  water  condensate  phase  to  the  feed  mixture. 
According  to  a  preferred  embodiment,  the  sour  water  condensate  phase,  following  separation  from  the 

H2S/CO2  vapor  phase,  is  further  processed  according  to  the  steps  of: 
mixing  the  sour  water  condensate  with  additional  CS2  to  form  a  sour  water  phase  and  a  CS2  phase 

40  containing  dissolved  sulfur; 
separating  the  sour  water  phase  from  the  CS2  phase;  and 
recycling  the  sour  water  phase  to  the  H2S/CS2  mixture  in  step  (a),  above. 
According  to  yet  another  preferred  embodiment,  the  step  of  cooling  the  hydrolysis  reaction  vapor 

product  to  form  the  H2S/CO2  vapor  phase  and  sour  water  vapor  condensate  phase  comprises: 
45  (i)  cooling  the  hydrolysis  reaction  vapor  product  in  a  first  cooling  step  to  a  temperature  greater  than  the 

solidification  point  of  sulfur;  and 
(ii)  cooling  the  vapor  product  in  a  second  cooling  step  to  a  temperature  no  lower  than  about  30  0  C  to 
form  a  H2S/CO2  vapor  phase  and  sour  water  condensate  phase. 

Most  preferably,  the  hydrolysis  reaction  vapor  product  is  cooled  in  the  first  cooling  step  by  passing  the 
50  vapor  product  into  heat  exchange  contact  with  the  process  feed  mixture,  which  mixture  comprises  H2S,  CS2 

and  sour  water  condensate. 
As  used  herein,  "sour  water"  means  water  which  contains  some  soluble  H2S  therein.  By  "unadulterated 

water"  is  meant  substantially  pure  water,  as  distinguished  from  sour  water.  As  used  herein,  "substantially 
desulfurized"  means  removing  the  major  portion  of  unreacted  sulfur  from  a  reaction  product.  As  used 

55  herein,  "substantially  sulfur-free"  means  removing  all  or  substantially  all  sulfur  from  a  product.  And  as  used 
herein,  "solidification  point  of  sulfur"  means  the  temperature  at  which  liquid  sulfur  starts  to  become  solid. 

3 
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Brief  Description  of  the  Figure 

Figure  1  is  a  schematic  illustration  of  an  embodiment  of  the  process  of  the  invention. 

5  Detailed  Description  of  the  Invention 

Referring  to  Figure  1,  a  preferred  embodiment  of  the  inventive  process  is  schematically  shown.  The 
invention  may  be  used  as  a  one-stage  process  wherein  CS2  is  converted  to  H2S  by  hydrolysis.  Alter- 
natively,  the  invention  may  be  used  as  a  two-stage  process  wherein  H2S  and  CS2  are  initially  formed  from 

10  the  reaction  of  natural  gas  and  sulfur,  and  CS2  is  thereafter  converted  to  additional  H2S  by  hydrolysis. 
The  one-stage  process  involves  the  conversion  of  CS2  to  H2S  by  hydrolysis  of  a  substantial  portion  of 

the  CS2.  A  preferably  substantially  desulfurized  H2S/CS2  mixture  24,  containing  from  about  6  to  about  100 
mol%  CS2,  is  combined  with  water,  such  as  recycled  sour  water  54,  to  form  a  feed  mixture  26.  The  feed 
mixture  26  is  advantageously  maintained  at  a  pressure  of  about  49  psig  (3.4  kg/cm2),  for  example,  in  order 

15  to  create  sufficient  back  pressure  for  driving  the  remaining  steps  of  the  conversion  process.  It  has  been 
found  that  a  feed  mixture  pressure  of  about  49  psig  (3.4  kg/cm2)  produces  a  pressure  of  about  35  psig  (2.5 
kg/cm2)  at  the  H2S  vapor  outlet  downstream  once  the  pressure  drop  across  the  system  has  occurred. 
However,  the  pressure  selected  is  not  critical  to  the  invention.  The  feed  mixture  26  is  advantageously 
maintained  at  a  temperature  of  about  132°F  (55.5  °C),  for  example,  so  that  it  may  function  as  a  heat  sink 

20  downstream. 
Thereafter,  the  feed  mixture  26  is  passed  through  a  CS2  reactor  economizer  30  which  heats  the  feed 

mixture  to  a  temperature  of  about  234  °F  (112°C),  for  example.  The  economizer  30  acts  as  a  heat 
exchanger  wherein  the  feed  mixture  26  is  heated  by  a  hydrolysis  reaction  vapor  product  stream  40, 
described  in  more  detail  later.  Conversely,  vapor  product  stream  40  is  cooled,  such  as  by  being  placed  in 

25  heat  exchange  relationship  with  feed  mixture  26.  The  volume  of  feed  mixture  26  which  is  passed  through 
economizer  30  is  controlled  by  a  by-pass  stream  28.  The  greater  the  volume  of  feed  mixture  26  which  is 
by-passed  around  economizer  30,  the  smaller  the  temperature  rise  of  feed  mixture  26  and  the  smaller  the 
temperature  depression  of  vapor  product  stream  40.  In  this  manner,  the  temperature  of  vapor  product 
stream  40  can  be  maintained  at  a  desired  value  by  regulating  the  volume  of  feed  mixture  26  that  is  by- 

30  passed  around  economizer  30  through  by-pass  stream  28. 
Make-up  water  32,  which  is  substantially  unadulterated,  is  advantageously  added  to  the  heated  feed 

mixture  26  to  form  a  hydrolysis  reactor  feed  33.  The  amount  of  make-up  water  added  is  that  which  is 
necessary  to  replace  (1)  the  water  consumed  through  reaction  with  CS2  and  (2)  the  water  lost  with  removal 
of  the  H2S/CO2  vapor  product.  The  particular  amount  required  is  determined  primarily  by  the  system 

35  capacity,  and  may  be  readily  determined  by  those  skilled  in  the  art.  Deionized  water  is  preferably  used  to 
minimize  the  amount  of  impurities  that  may  be  introduced  into  feed  mixture  26. 

The  hydrolysis  reactor  feed  33  is  advantageously  preheated  by  at  least  one  feed  heater  34  in  order  to 
raise  the  temperature  of  the  reactor  feed  33  to  at  least  about  360  °F  (182°C).  The  hydrolysis  reaction  will 
not  occur  below  this  temperature.  Preferably,  the  hydrolysis  reactor  feed  33  is  preheated  to  about  390  0  F 

40  (199°C).  The  preheated  reactor  feed  36  is  sent  to  a  fixed  bed  CS2  hydrolysis  reactor  38  which  contains  an 
alumina-based  catalyst.  Such  catalysts  are  known  to  those  skilled  in  the  art.  For  example,  Alcoa  F-200  and 
H-152  activated  alumina  manufactured  by  Alcoa  Chemicals  Division,  Pittsburgh,  PA  may  be  used  as 
suitable  hydrolysis  catalysts. 

The  hydrolysis  reactor  38  provides  a  hydrolysis  reaction  vapor  product  40  comprising  H2S,  CO2, 
45  unreacted  H20,  small  amounts  of  sulfur  and  unconverted  CS2  according  to  the  following  reaction  of 

equation  (IV): 

2H2S  +  CS2  +  2H20  ►  4H2S  +  C02  ( I V )  
50  e x c e s s   H20  +  u n c o n v e r t e d   CS2 

+  u n r e a c t e d   H20  +  s m a l l  
a m o u n t s   of  s u l f u r  

55  The  hydrolysis  reaction  is  extremely  exothermic  and  if  not  suitably  controlled  will  initiate  side  reactions  that 
produce  greater  amounts  of  COS  and  sulfur.  In  particular,  even  at  temperatures  of  about  700  0  F  (371  0  C), 
small  amounts  of  sulfur  are  produced  according  to  the  following  reactions: 

4 



EP  0  441  146  B1 

CS2  -  CS  +  S  (V) 

2H2S  -  2H2  +  S2  (VI) 

5  COS  -  CO  +  S  (VII) 

However,  by  maintaining  the  vapor  product  stream  40  leaving  hydrolysis  reactor  38  at  a  temperature  no 
higher  than  about  750  °  F  (399  °  C),  preferably  no  higher  than  about  700  °  F  (371  °  C),  COS  formation  is 
minimized.  Thus,  the  temperature  of  the  hydrolysis  reaction  is  advantageously  maintained  in  the  range  of 

w  from  about  360  °  F  (1  82  °  C)  to  about  750  °  F  (399  °  C),  preferably  from  about  390  °  F  (1  99  °  C)  to  about  700  °  F 
(371  •  C). 

The  hydrolysis  reactor  38  is  used  to  convert  a  substantial  portion  (i.e.,  greater  than  95  weight  percent  of 
the  CS2)  to  H2S.  Typically,  substantial  conversion  of  CS2  to  H2S  is  possible  where  CS2  is  present  within  the 
H2S/CS2  mixture  from  about  6  to  about  100  mole  percent.  The  weight  percentage  of  unconverted  CS2  can 

is  be  controlled  by  varying  the  space  velocity  of  the  reactor.  Those  skilled  in  the  art  understand  space  velocity 
to  mean  the  ratio  of  the  volumetric  feed  rate  to  the  designed  volume  of  the  reactor.  Space  velocity  as 
shown  in  the  subsequent  examples  is  defined  as  follows: 

CS2  Molar  Space  Velocity  =  FiCiF/VR 
20 

where 
Fj  =  the  volumetric  feed  rate  to  the  reactor  per  day. 
VR  =  the  volume  of  the  reactor  expressed  as  kilograms  of  catalyst. 
CiF  =  the  concentration  of  CS2  in  the  feed  as  moles  of  CS2  per  unit  volume. 

25  After  the  hydrolysis  vapor  product  stream  40  is  formed,  it  is  cooled  to  form  a  H2S/C02  vapor  phase  and 
a  sour  water  condensate  phase.  Accordingly,  vapor  product  stream  40  may  be  cooled  in  a  first  cooling  step 
to  a  temperature  greater  than  the  solidification  point  of  sulfur,  and  then  cooled  in  a  second  cooling  step  to  a 
temperature  no  lower  than  about  30  °C  to  form  a  H2S/C02  vapor  phase  and  sour  water  condensate  phase. 

With  this  object  in  mind,  vapor  product  stream  40  is  thus  cooled  for  a  first  time  by  passage  through 
30  economizer  30.  As  set  forth  above,  feed  mixture  26  is  used  as  a  heat  sink  to  cool  the  hydrolysis  vapor 

product  stream  40.  The  vapor  product  stream  40  should  not  be  cooled  in  economizer  30  to  the  point  where 
the  small  amounts  of  sulfur  contained  in  the  vapor  product  begin  to  solidify.  Solidification  of  the  sulfur  may 
cause  economizer  plugging.  Since  the  melting  point  of  elemental  sulfur  is  approximately  248  °F  (120°C), 
the  vapor  product  stream  40  should  be  maintained  slightly  above  this  temperature  to  ensure  that  the  sulfur 

35  does  not  begin  to  solidify  in  economizer  30.  Preferably,  vapor  product  stream  40  is  cooled  to  a  temperature 
in  the  range  of  from  about  248  °F  (120°C)  to  about  300  °F  (149°C),  preferably  from  about  248  °F  to  about 
260  °  F  (127°  C),  in  economizer  30. 

The  cooled  vapor  product  40  is  then  passed  through  one  of  two  air  cooled  condensers  42a  and  42b 
which  are  arranged  in  parallel.  These  condensers  advantageously  cool  the  vapor  product  40  for  a  second 

40  time  to  a  temperature  from  about  86  °  F  (30  °  C)  to  about  140  °  F  (60  °  C)  in  order  to  form  a  partial  condensate 
from  the  water  which  is  unreacted  by  hydrolysis  and  remains  in  vapor  product  40.  Preferably,  the  vapor 
product  40  is  cooled  for  the  second  time  to  about  119°F  (48  °C).  Since  119°F  (48  °C)  is  below  the  melting 
point  of  elemental  sulfur  (i.e.,  248°F/120°C),  the  air  cooled  condensers  42a  and  42b  are  arranged  in 
parallel  so  that  if  one  condenser  happens  to  plug  from  the  accumulation  of  solid  sulfur,  the  other  condenser 

45  can  be  put  into  service  to  cool  vapor  product  40  while  the  inoperative  condenser  is  maintained  off  stream  to 
be  cleaned. 

Thereafter,  the  twice-cooled  vapor  product  is  collected  in  a  sour  water  separator  44  in  order  to  form  a 
discrete  vapor  phase  46  comprising  H2S  and  C02,  which  is  saturated  with  water,  and  a  discrete  sour  water 
condensate  phase  48  comprising  unreacted  H20  and  small  amounts  of  solid  sulfur  particles.  Unreacted  CS2 

50  may  be  present  in  either  phase,  although  it  is  more  likely  that  it  will  remain  in  the  H2S/C02  vapor  phase  46. 
Sour  water  separator  44  is  advantageously  in  the  form  of  a  large  holding  tank  which  facilitates  the  phase 
separation  of  the  H2S/C02  vaporphase  46  from  the  sour  water  condensate  phase  48.  The  H2S/C02  vapor 
phase  is  recovered  as  a  top  product  and  preferably  sent  to  dryers  for  water  removal  and  to  a  distillation 
column  (not  shown)  in  order  to  separate  H2S  from  C02.  Procedures  for  separating  H2S  from  C02  are  known 

55  to  those  skilled  in  the  art  and  need  not  be  described  herein.  The  solid  sulfur  particles  contained  in  the  sour 
water  condensate  48  are  generally  present  at  a  concentration  of  about  220  ppm  and  range  in  size  from 
about  3  microns  to  fairly  large  particles. 
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Sour  water  condensate  48  is  pumped  to  a  decanter  52  through  an  inline  mixer  50  where  the  sour  water 
condensate  is  separated  into  a  CS2  bottom  layer  containing  dissolved  sulfur  and  an  upper  substantially 
sulfur-free  sour  water  layer.  Just  before  inline  mixer  50,  additional  CS2  is  added  to  the  sour  water 
condensate  48  through  reflux  stream  51  .  Preferably,  the  amount  of  CS2  added  is  sufficient  to  obtain  a  sour 

5  water/CS2  weight  ratio  of  from  about  25:1  to  about  1:4.  The  temperature  should  be  below  the  boiling  point 
of  CS2,  46  °C.  The  additional  CS2  completely  dissolves  the  solid  sulfur  particles  which  are  present  in  the 
sour  water  condensate  phase  48.  The  upper  substantially  sulfur-free  sour  water  layer  is  drawn  off  from 
decanter  52  as  sour  water  stream  54,  recycled  and  combined  with  the  substantially  desulfurized  H2S/CS2 
mixture  26  as  hereinbefore  described.  The  CS2  bottom  layer,  containing  dissolved  sulfur  from  decanter  52, 

10  is  sent  via  stream  64  to  a  sulfur  removal  device,  such  as  sulfur  knock-out  tower  16,  for  further  sulfur 
removal  and  recovery.  Procedures  for  recovering  sulfur  from  CS2  are  known  to  those  skilled  in  the  art  and 
are  described  more  fully  below. 

By  recycling  a  large  quantity  of  sour  water  54  to  be  mixed  with  the  desulphurized  H2S/CS2  mixture  26, 
the  overall  temperature  rise  across  the  hydrolysis  reactor  38  can  be  minimized  (e.g.,  about  310°F/154°C). 

15  In  effect,  the  recycled  sour  water  stream  54  acts  as  a  heat  sink  which  regulates  the  outlet  temperature  of 
the  vapor  product  stream  40  thereby  minimizing  COS  formation  and  equipment  corrosion.  Typically,  with  an 
H2S/CS2  mixture  26  containing  2  moles  H2S  per  mole  of  CS2,  the  reactor  outlet  temperature  can  be 
maintained  at  about  700  °F  (371  °C)  by  using  an  "R"  value  (total  moles  of  water  fed  to  the  hydrolysis 
reactor  per  mole  of  CS2  fed)  of  about  7.2.  The  total  amount  of  water  fed  to  the  reactor  comprises  the 

20  combination  of  the  sour  water  stream  54  and  make-up  water  stream  32.  Therefore,  sufficient  water  should 
be  added  as  make-up  water  stream  32  to  ensure  that  the  total  water  fed  to  the  reaction  is  7.2  moles  per 
mole  of  CS2.  Moreover,  COS  formation,  corrosion  and  equipment  plugging  are  minimized  by  recycling  a 
large  quantity  of  sour  water  26  upstream  of  the  hydrolysis  reactor  38  to  act  as  a  heat  sink. 

A  reactor  outlet  temperature  below  700  0  F  may  be  obtained  by  establishing  an  R  value  greater  than  7.2, 
25  assuming  the  H2S/CS2  molar  feed  ratio  remains  at  2:1.  For  a  mixture  comprising  100%  CS2,  the  R  value  for 

maintaining  a  700  0  F  reactor  outlet  temperature  is  9.6.  Determination  of  the  appropriate  R  value  for  a 
particular  H2S/CS2  reactorfeed  ratio  and  target  outlet  temperature  is  readily  determinable  by  those  skilled  in 
the  art.  For  a  reactor  feed  comprising  from  about  6  to  about  100  mol%  CS2,  the  R  value  may  typically 
range  from  about  2.5  to  about  30,  for  outlet  temperatures  from  500  0  to  750  0  F.  An  R  value  of  2.5 

30  corresponds  to  a  25%  water  molar  excess  over  the  stoichiometric  water:CS2  feed  ratio  of  2:1.  An  R  value  of 
30  corresponds  to  a  reactant  feed  comprising  100%  CS2,  and  a  reactor  outlet  temperature  of  500  °F.  R 
values  outside  the  recommended  range  may  be  selected,  depending  on  the  targeted  outlet  temperature. 

The  above-described  process  provides  substantially  complete  CS2  conversion  to  H2S  under  conditions 
where  a  relatively  low  temperature  rise  (i.e.,  310°F/154°C)  occurs  across  the  hydrolysis  reactor  38.  This  is 

35  made  possible  by  regulating  the  amount  of  excess  water  added  for  hydrolysis.  The  problems  inherent  in  the 
prior  art  are  substantially  overcome. 

In  another  aspect  of  the  invention,  the  process  may  be  used  as  a  two-stage  process  wherein  H2S  and 
CS2  are  initially  formed  in  a  first  stage  elevated  temperature  reactor  10  from  the  reaction  of  heated  natural 
gas  2  (i.e.,  substantially  methane)  and  vaporized  sulfur  4.  The  second  stage  of  the  process  relates  to  the 

40  conversion  of  CS2  to  H2S  in  the  manner  previously  described. 
According  to  the  first  stage,  natural  gas  2  and  vaporized  sulfur  4  are  mixed  to  form  stream  6  prior  to 

entering  reactor  10.  Advantageously,  the  mixture  forming  stream  6  enters  reactor  10  at  a  temperature  of 
about  1253°F  (678  °C)  and  a  pressure  of  about  58  psig  (4.0  kg/cm2),  for  example.  It  has  been  found  that  a 
pressure  of  58  psig  (4.0  kg/cm2)  provides  a  back-pressure  which  is  sufficient  to  drive  the  two  stage  process 

45  so  that  the  pressure  of  the  H2S/CO2  vapor  46  leaving  the  system  is  maintained  at  about  35  psig  (2.5 
kg/cm2).  However,  the  pressure  selected  is  not  critical  to  the  invention.  The  first  stage  H2S/CS2  reaction  is 
set  forth  in  equation  (VIII)  as  follows: 

50  CH4  +  4S  ►  2H2S  +  CS2  ( V I I I )  
e x c e s s   S  +  ( u n r e a c t e d   s u l f u r )  
e l e v a t e d   t e m p .  

55  According  to  the  reaction  equation,  2  moles  of  H2S  are  formed  for  every  one  mole  of  CS2.  Typically,  the 
reactor  co-products  leave  reactor  10  at  about  1  100  0  F  (593  0  C). 

The  reactor  co-products  from  reactor  10  are  then  cooled  to,  e.g.,  about  300  °F  (149°C)  by  at  least  one 
effluent  cooler  12.  The  major  portion  of  the  unreacted  sulfur  contained  in  the  reaction  co-product  is  removed 
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from  the  remaining  H2S/CS2  by  decantation  in  a  liquid  sulfur  receiver  14  and  subsequent  scrubbing  with  a 
reflux  steam  of  CS2  in  a  packed  sulfur  knock-out  tower  16.  Preferably,  the  reaction  product  entering  sulfur 
knock-out  tower  16  is  maintained  at  about  300  °F  (149°C)  and  about  53  psig  (3.7  kg/cm2).  The  removed 
sulfur  is  drained  by  gravity  and  recycled  to  a  sulfur  feed  tank  for  reuse  in  reactor  10. 

5  Advantageously,  the  desulfurized  H2S/CS2  mixture  18  leaves  tower  16  at  about  183°F  (84  °C)  and  52 
psig  (3.7  kg/cm2).  The  desulfurized  H2S/CS2  mixture  18  leaving  the  sulfur  knock-out  tower  16  is  passed 
through  an  air  cooled  condenser  20  in  order  to  condense  a  portion  of  the  CS2  contained  therein  and  then 
into  a  sulfur  tower  reflux  drum  22.  Advantageously,  the  temperature  of  the  H2S/CS2  mixture  held  in  reflux 
drum  22  is  maintained  at  about  143°F  (62  °C).  The  condensed  portion  of  CS2  in  reflux  drum  22  is  recycled 

10  to  the  sulfur  knock-out  tower  16  through  stream  66  and  to  the  sour  water  condensate  stream  48  through 
stream  51.  The  portion  of  the  desulfurized  H2S/CS2  mixture  within  the  reflux  drum  22  which  has  not 
condensed  is  drawn  off  as  a  desulfurized  H2S/CS2  top  product  stream  24  and  combined  with  recycled  sour 
water  stream  54  to  form  feed  mixture  26  as  substantially  described  above.  Feed  mixture  26  is  then  treated 
under  conditions  as  substantially  described  above,  in  order  to  convert  CS2  to  additional  H2S. 

15  The  following  four  non-limiting  examples  are  intended  to  illustrate  the  practice  of  the  invention.  Each 
example  utilizes  a  different  hydrolysis  reactor  CS2  molar  space  velocity.  While  each  of  the  four  CS2  molar 
space  velocities  utilized  is  acceptable  for  carrying  out  the  inventive  hydrolysis  reaction  process,  a  CS2 
molar  space  velocity  of  185.5  gram  moles  CS2  per  kilogram  catalyst  per  day  (Example  1)  is  preferred.  It 
should  be  noted  that  substantial  conversion  of  CS2  to  additional  H2S  is  particularly  preferred,  since  CS2 

20  generally  interferes  in  synthesis  reactions  where  H2S  is  one  of  the  reactants. 

Example  1 

A  feed  mixture  of  CS2  (1.11  gram  moles/hour),  water  (8.66  gram  moles/hour)  and  H2S  (2.22  gram 
25  moles/hour)  was  heated  to  390-400  °F  and  passed  through  Alcoa  H-152  catalyst  at  a  CS2  molar  space 

velocity  of  185.5  gram  moles  CS2  per  kilogram  catalyst  per  day.  The  reaction  pressure  was  controlled  at  60 
psig  (4.2  kg/cm2)  and  a  reaction  temperature  of  699  0  F  (370  0  C)  was  maintained  near  the  top  of  the  catalyst 
bed.  The  reactor  effluent  was  cooled  to  117°F  (47  °C)  and  the  condensed  sour  water  was  separated  from 
the  product  vapor.  Under  these  conditions  the  conversion  of  CS2  was  essentially  quantitative  with  an 

30  average  molar  product  vapor  composition  of  0.01%  CS2;  0.04%  COS;  1.11%  H20;  77.14%  H2S  and 
19.14%  CO2.  The  sulfur,  carbon  and  overall  mass  balances  were  97.6%,  97.0%  and  99.2%  respectively. 
Some  elemental  sulfur  was  observed  in  the  condensed  sour  water  in  the  form  of  a  fine  suspension  which 
eventually  settled  in  the  form  of  flakes. 

35  Example  2 

A  feed  mixture  of  CS2  (1.09  gram  moles/hour),  water  (8.72  gram  moles/hour)  and  H2S  (2.22  gram 
moles/hour)  was  heated  to  463  °F  and  passed  through  Alcoa  H-152  catalyst  at  a  CS2  molar  space  velocity 
of  364.3  gram  moles  CS2  per  kilogram  catalyst  per  day.  The  reaction  pressure  was  controlled  at  60  psig 

40  (4.2  kg/cm2)and  a  reaction  temperature  of  702  °F  (372  °C)  was  maintained  near  the  top  of  the  catalyst  bed. 
The  reactor  effluent  was  cooled  to  101  °F  (38  °C)  and  the  condensed  sour  water  was  separated  from  the 
product  vapor.  Under  these  conditions  the  conversion  of  CS2  was  essentially  quantitative  with  an  average 
molar  product  vapor  composition  of  0.02%  CS2;  0.04%  COS;  0.5%  H20;  78.57%  H2S  and  19.56%  C02. 
The  sulfur,  carbon  and  overall  mass  balances  were  98.6%,  99.3%  and  99.1%  respectively.  Some  elemental 

45  sulfur  was  observed  in  the  condensed  sour  water  in  the  form  of  a  fine  suspension  which  eventually  settled 
in  the  form  of  flakes. 

Example  3 

50  A  feed  mixture  of  CS2  (2.23  gram  moles/hour),  water  (16.98  gram  moles/hour)  and  H2S  (4.45  gram 
moles/hour)  was  heated  to  442  °F  (228  °C)  and  passed  through  Alcoa  H-152  catalyst  at  a  CS2  molar  space 
velocity  of  743.3  gram  moles  CS2  per  kilogram  catalyst  per  day.  The  reaction  pressure  was  controlled  at  60 
psig  (4.2  kg/cm2)  and  a  reaction  temperature  of  698  0  F  (370  0  C)  was  maintained  in  the  middle  of  the  catalyst 
bed.  The  reactor  effluent  was  cooled  to  97  0  F  (36  0  C)  and  the  condensed  sour  water  was  separated  from  the 

55  product  vapor.  Under  these  conditions  97.49%  of  the  CS2  was  converted  and  the  average  molar  product 
vapor  composition  analyzed  0.50%  CS2;  0.06%  COS;  0.46%  H20;  78.46%  H2S  and  19.8%  C02.  The  sulfur, 
carbon  and  overall  mass  balances  were  100.3%,  102.4%  and  98.8%  respectively.  Some  elemental  sulfur 
was  observed  in  the  condensed  sour  water  in  the  form  of  a  fine  suspension  (particle  size  distribution  4-43 
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microns)  which  eventually  settled  in  the  form  of  flakes.  The  amount  of  sulfur  present  was  0.018  grams  per 
gram  mole  of  CS2  feed. 

Example  4 
5 

A  feed  mixture  of  CS2  (3.33  gram  moles/hour),  water  (25.91  gram  moles/hour)  and  H2S  (6.77  gram 
moles/hour)  was  heated  to  403  °F  (206  °C)  and  passed  through  Alcoa  H-152  catalyst  at  a  CS2  molar  space 
velocity  of  1110  gram  moles  CS2  per  kilogram  catalyst  per  day.  The  reaction  pressure  was  controlled  at  60 
psig  (4.2  kg/cm2)and  a  reaction  temperature  of  698  0  F  (370  0  C)  was  maintained  near  the  top  of  the  catalyst 

10  bed.  The  reactor  effluent  was  cooled  to  109°F  (43  °C)  and  the  condensed  sour  water  was  separated  from 
the  product  vapor.  Under  these  conditions  96.36%  of  the  CS2  was  converted  and  the  average  molar  product 
vapor  composition  analyzed  0.73%  CS2;  0.07%  COS;  0.47%  H20;  77.03%  H2S  and  19.3%  C02.  The  sulfur, 
carbon  and  overall  mass  balances  were  97.1%,  100.1%  and  99%  respectively.  Some  elemental  sulfur  was 
observed  in  the  condensed  sour  water  in  the  form  of  a  fine  suspension  which  eventually  settled  in  the  form 

15  of  flakes. 
The  operating  conditions  in  the  foregoing  description  of  Figure  1  are  for  illustration  only,  and  should  not 

be  construed  as  limiting  the  scope  of  the  invention. 

Claims 
20 

1.  A  process  for  converting  CS2  to  H2S  by  hydrolysis  comprising  the  steps  of: 
(a)  combining  CS2,  or  a  H2S/CS2  mixture  containing  on  a  mole  percent  basis  from  about  6%  to 
about  100%  CS2,  with  water  to  form  a  feed  mixture; 
(b)  converting  a  substantial  portion  of  the  CS2  in  the  mixture  by  hydrolysis  to  a  hydrolysis  reaction 

25  vapor  product  comprising  H2S,  CO2,  sulfur  and  unconverted  CS2; 
(c)  cooling  the  hydrolysis  reaction  vapor  product  to  form  a  H2S/CO2  vapor  phase  and  a  sour  water 
condensate  phase; 
(d)  separating  the  H2S/CO2  vapor  phase  from  the  sour  water  condensate  phase;  and 
(e)  recycling  sour  water  from  the  sour  water  condensate  phase  to  the  feed  mixture  in  (a). 

30 
2.  A  process  according  to  claim  1  wherein  the  water  forming  the  feed  mixture  further  comprises 

unadulterated  water  added  to  the  feed  mixture. 

3.  A  process  according  to  claim  1  or  2  comprising  the  further  steps  of 
35  (f)  mixing  the  sour  water  condensate  with  additional  CS2  to  form  a  sour  water  phase  and  a  CS2 

phase  containing  dissolved  sulfur; 
(g)  separating  the  sour  water  phase  from  the  CS2  phase;  and 
(h)  recycling  the  sour  water  phase  to  the  CS2  or  H2S/CS2  mixture  in  step  (a). 

40  4.  A  process  according  to  claims  1  to  3  wherein  the  step  of  cooling  the  hydrolysis  reaction  vapor  product 
to  form  the  H2S/CS2  vapor  phase  and  sour  water  condensate  phase  comprises; 

(i)  cooling  the  hydrolysis  reaction  vapor  product  in  a  first  cooling  step  to  a  temperature  greater  than 
the  solidification  point  of  sulfur;  and 
(ii)  cooling  the  vapor  product  in  a  second  cooling  step  to  a  temperature  no  lower  than  about  30  0  C  to 

45  form  a  H2S/CO2  vapor  phase  and  sour  water  condensate  phase. 

5.  A  process  according  to  claims  1  to  4  wherein  the  sour  water  phase  formed  in  step  (f)  is  substantially 
sulfur-free. 

50  6.  A  process  according  to  claims  1  to  5  wherein  the  CS2  is  converted  to  the  hydrolysis  reaction  vapor 
product  in  a  fixed  bed  hydrolysis  reactor  containing  a  catalyst. 

7.  A  process  according  to  claim  6  wherein  the  catalyst  comprises  activated  alumina. 

55  8.  A  process  according  to  claims  4  to  7  wherein  the  hydrolysis  reaction  vapor  product  is  cooled  in  the  first 
cooling  step  to  a  temperature  within  the  range  of  from  about  120°C  to  about  149°C. 
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9.  A  process  according  to  claim  8  wherein  the  hydrolysis  reaction  vapor  product  is  cooled  in  the  first 
cooling  step  to  a  temperature  within  the  range  of  from  about  120°C  to  about  127°C. 

10.  A  process  according  to  claims  4  to  9  wherein  the  hydrolysis  reaction  vapor  product  is  cooled  in  the  first 
5  cooling  step  by  passing  the  vapor  product  into  heat  exchange  contact  with  the  feed  mixture  of  step  (a). 

11.  A  process  according  to  claims  8  to  10  wherein  the  hydrolysis  reaction  vapor  product  is  cooled  in  the 
second  cooling  step  to  a  temperature  within  the  range  of  from  about  30  °  C  to  about  60  °  C. 

io  12.  A  process  according  to  claim  3  further  comprising  the  step  of  recycling  the  CS2  phase  to  a  sulfur 
removal  device. 

13.  A  process  according  to  claim  2  further  comprising  the  step  of  preheating  the  feed  mixture  and  added 
water  to  a  temperature  of  about  199°C  before  converting  a  substantial  portion  of  the  CS2  to  H2S  by 

15  hydrolysis. 

14.  A  process  according  to  claim  3  wherein  the  CS2  is  converted  to  H2S  by  hydrolysis  at  a  temperature  up 
to  about  371  °  C. 

20  15.  A  process  for  converting  CS2  to  H2S  by  hydrolysis  in  a  H2S/CS2  mixture  comprising  the  steps  of: 
(a)  reacting  natural  gas  with  excess  sulfur  at  elevated  temperature  to  form  a  H2S/CS2  reaction 
product  comprising  H2S,  CS2  and  unreacted  sulfur; 
(b)  removing  the  unreacted  sulfur  from  the  H2S/CS2  reaction  product  to  form  a  desulfurized  H2S/CS2 
mixture  containing  on  a  mole  percent  basis  at  least  about  6%  CS2; 

25  (c)  combining  the  desulfurized  H2S/CS2  mixture  with  water  to  form  a  feed  mixture; 
(d)  converting  a  substantial  portion  of  the  CS2  in  the  feed  mixture  by  hydrolysis  to  a  hydrolysis 
reaction  vapor  product  comprising  H2S,  CO2,  sulfur  and  unconverted  CS2; 
(e)  cooling  the  hydrolysis  reaction  vapor  product  to  form  a  H2S/CO2  vapor  phase  and  a  sour  water 
condensate  phase; 

30  (f)  separating  the  H2S/CO2  vapor  phase  from  the  sour  water  condensate  phase;  and 
(g)  recycling  sour  water  from  the  sour  water  condensate  phase  to  the  feed  mixture  in  (c). 

16.  A  process  according  to  claim  15  wherein  the  H2S/CS2  reaction  product  contains  about  two  moles  of 
H2S  per  mole  of  CS2. 

35 
17.  A  process  according  to  claim  15  further  comprising  adding  unadulterated  water  to  the  feed  mixture 

formed  in  step  (c). 

18.  A  process  according  to  claim  15  comprising  the  further  steps  of 
40  (h)  mixing  the  sour  water  condensate  with  additional  CS2  to  form  a  sour  water  phase  and  a  CS2 

phase  containing  dissolved  sulfur; 
(i)  separating  the  sour  water  phase  from  the  CS2  phase;  and 
(j)  recycling  the  sour  water  phase  to  the  H2S/CS2  mixture  in  step  (c). 

45  19.  A  process  according  to  claims  15  to  18  wherein  the  step  of  cooling  the  hydrolysis  reaction  vapor 
product  to  form  the  H2S/CO2  vapor  phase  and  sour  water  condensate  phase  comprises; 

(i)  cooling  the  hydrolysis  reaction  vapor  product  in  a  first  cooling  step  to  a  temperature  greater  than 
the  solidification  point  of  sulfur;  and 
(ii)  cooling  the  vapor  product  in  a  second  cooling  step  to  a  temperature  no  lower  than  about  30  0  C  to 

50  form  a  H2S/CO2  vapor  phase  and  sour  water  condensate  phase. 

20.  A  process  according  to  claims  15  to  19  wherein  the  CS2  is  converted  in  a  fixed  bed  hydrolysis  reactor 
containing  a  catalyst. 

55  21.  A  process  according  to  claim  20  wherein  the  catalyst  comprises  activated  alumina. 

22.  A  process  according  to  claims  19  to  20  wherein  the  hydrolysis  reaction  vapor  product  is  cooled  in  the 
first  cooling  step  to  a  temperature  within  the  range  of  from  about  120°C  to  about  149°C. 
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23.  A  process  according  to  claim  22  wherein  the  hydrolysis  reaction  vapor  product  is  cooled  in  the  first 
cooling  step  to  a  temperature  within  the  range  of  from  about  120°C  to  about  127°C. 

24.  A  process  according  to  claim  22  or  23  wherein  the  vapor  product  is  cooled  in  the  second  cooling  step 
5  to  a  temperature  within  the  range  of  from  about  30  °  C  to  about  60  °  C. 

25.  A  process  according  to  claim  19  wherein  the  hydrolysis  reaction  vapor  product  is  cooled  in  the  first 
cooling  step  by  passing  the  vapor  product  into  heat  exchange  contact  with  the  feed  mixture  of  step  (c). 

io  26.  A  process  according  to  claim  15  further  comprising  the  step  of  recycling  the  CS2  phase  to  a  sulfur 
removal  device. 

27.  A  process  according  to  claim  17  further  comprising  the  step  of  preheating  the  feed  mixture  and  added 
water  up  to  a  temperature  of  about  199°C  before  converting  a  substantial  portion  of  the  CS2  by 

15  hydrolysis. 

28.  A  process  according  to  claim  18  wherein  the  CS2  is  converted  by  hydrolysis  at  a  temperature  up  to 
about  371  °  C. 

20  Patentanspruche 

1.  Verfahren  zur  Umwandlung  von  CS2  in  H2S  durch  Hydrolyse,  dadurch  gekennzeichnet,  dal3  die 
folgenden  Stufen  durchgefuhrt  werden: 

(a)  Vermischen  von  CS2  oder  einem  H2S/CS2-Gemisch,  welches  auf  Mol-Prozent-Basis  von  etwa  6 
25  bis  etwa  100  %  CS2  enthalt,  mit  Wasser  unter  Bildung  eines  Beschickungsgemisches; 

(b)  Umwandlung  eines  wesentlichen  Teils  des  CS2  in  dem  Gemisch  durch  Hydrolyse  in  ein 
Hydrolysereaktionsdampfprodukt,  welches  H2S,  CO2,  Schwefel  und  nicht-umgesetztes  CS2  enthalt; 
(c)  Abkuhlen  des  Hydrolysereaktionsdampfproduktes  unter  Bildung  einer  H2S/C02-Dampf  phase  und 
einer  sauren  Wasserkondensatphase; 

30  (d)  Trennung  der  H2S/C02-Dampf  phase  von  der  sauren  Wasserkondensatphase;  und 
(e)  Recyclisieren  des  sauren  Wassers  von  der  sauren  Wasserkondensatphase  in  das  Beschickungs- 
gemisch  von  (a). 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dal3  das  Beschickungsgemisch  weiter  reines 
35  Wasser  enthalt,  welches  zu  dem  Beschickungsgemisch  zugegeben  wurde. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dal3  die  weiteren  Stufen  durchgefuhrt 
werden: 

(f)  Mischen  des  sauren  Wasserkondensats  mit  zusatzlichem  CS2  unter  Bildung  einer  sauren 
40  Wasserphase  und  einer  CS2  -Phase,  welche  gelosten  Schwefel  enthalt; 

(g)  Trennung  der  sauren  Wasserphase  von  der  CS2  -Phase;  und 
(h)  Recyclisierung  der  sauren  Wasserphase  in  das  CS2-  oder  H2S/CS2  -Gemisch  der  Stufe  (a). 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  dadurch  gekennzeichnet,  dal3  die  Kuhlstufe  des 
45  Hydrolysereaktionsdampfproduktsunter  Bildung  der  H2S/CS2-Dampf  phase  und  der  sauren  Wasserkon- 

densatphase 
(i)  Kuhlen  des  Hydrolysereaktionsdampfprodukts  in  einer  ersten  Kuhlstufe  auf  eine  Temperatur,  die 
hoher  ist  als  der  Verfestigungspunkt  des  Schwefels;  und 
(ii)  Kuhlen  des  Dampfprodukts  in  einer  zweiten  Kuhlstufe  auf  eine  Temperatur,  die  nicht  niedriger  ist 

50  als  etwa  30  °C,  unter  Bildung  einer  H2S/C02-Dampf  phase  und  einer  sauren  Wasserkondensatphase 
umfaBt. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  dal3  die  bei  der  Stufe  (f) 
gebildete  saure  Wasserphase  im  wesentlichen  schwefelfrei  ist. 

55 
6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  dal3  das  CS2  in  das 

Hydrolysereaktionsdampfprodukt  in  einem  Hydrolysereaktor,  der  einen  Katalysator  mit  stationarer 
Schicht  enthalt,  umgewandelt  wird. 
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7.  Verfahren  nach  Anspruch  6,  dadurch  gekennzeichnet,  dal3  der  Katalysator  aktiviertes  Aluminiumoxid 
umfaBt. 

8.  Verfahren  nach  einem  der  Anspruche  4  bis  7,  dadurch  gekennzeichnet,  dal3  das  Hydrolysereaktions- 
5  dampfprodukt  in  der  ersten  Kuhlstufe  auf  eine  Temperatur  innerhalb  des  Bereiches  von  etwa  120°C  bis 

etwa  149°C  abgekuhlt  wird. 

9.  Verfahren  nach  Anspruch  8,  dadurch  gekennzeichnet,  dal3  das  Hydrolysereaktionsdampfprodukt  in  der 
ersten  Kuhlstufe  auf  eine  Temperatur  innerhalb  des  Bereiches  von  etwa  120°C  bis  etwa  127°C 

io  abgekuhlt  wird. 

10.  Verfahren  nach  einem  der  Anspruche  4  bis  9,  dadurch  gekennzeichnet,  dal3  das  Hydrolysereaktions- 
dampfprodukt  in  der  ersten  Kuhlstufe  abgekuhlt  wird,  indem  das  Dampfprodukt  in  Warmeaustauschkon- 
takt  mit  dem  Beschickungsgemisch  der  Stufe  (a)  gebracht  wird. 

15 
11.  Verfahren  nach  einem  der  Anspruche  8  bis  10,  dadurch  gekennzeichnet,  dal3  das  Hydrolysereaktions- 

dampfprodukt  in  der  zweiten  Kuhlstufe  auf  eine  Temperatur  innerhalb  des  Bereichs  von  etwa  30  °C  bis 
etwa  60  °  C  abgekuhlt  wird. 

20  12.  Verfahren  nach  Anspruch  3,  dadurch  gekennzeichnet,  dal3  weiterhin  die  Stufe  durchgefuhrt  wird,  bei 
der  die  CS2-Phase  in  eine  Schwefelentfernungsvorrichtung  recyclisiert  wird. 

13.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  dal3  weiter  die  Stufe  durchgefuhrt  wird,  dal3  das 
Beschickungsgemisch  vorerhitzt  wird,  und  dal3  dann  Wasser  bei  einer  Temperatur  von  etwa  199°C 

25  zugegeben  wird,  bevor  ein  wesentlicher  Teil  des  CS2  in  H2S  durch  Hydrolyse  uberfuhrt  wird. 

14.  Verfahren  nach  Anspruch  3,  dadurch  gekennzeichnet,  dal3  das  CS2  in  H2S  durch  Hydrolyse  bei  einer 
Temperatur  bis  zu  etwa  371  °C  uberfuhrt  wird. 

30  15.  Verfahren  zur  Umwandlung  von  CS2  in  H2S  durch  Hydrolyse  in  einem  H2S/CS2-Gemisch,  dadurch 
gekennzeichnet,  dal3  die  folgenden  Stufen  durchgefuhrt  werden: 

(a)  Umsetzung  von  Erdgas  mit  uberschussigem  Schwefel  bei  erhohter  Temperatur  unter  Bildung 
eines  H2S/CS2-Reaktionsproduktes,  welches  H2S,  CS2  und  nicht-umgesetzten  Schwefel  enthalt; 
(b)  Entfernung  des  nicht-umgesetzten  Schwefels  aus  dem  H2S/CS2-Reaktionsprodukt  unter  Bildung 

35  eines  entschwefelten  H2S/CS2-Gemisches,  welches  auf  Mol-Prozent-Basis  mindestens  etwa  6  % 
CS2  enthalt; 
(c)  Vermischen  des  entschwefelten  H2S/CS2-Gemisches  mit  Wasser  unter  Bildung  eines  Beschik- 
kungsgemisches; 
(d)  Umwandlung  eines  wesentlichen  Anteils  des  CS2  in  dem  Beschickungsgemisch  durch  Hydrolyse 

40  in  ein  Hydrolysereaktionsdampfprodukt,  welches  H2S,  CO2,  Schwefel  und  nicht-umgesetztes  CS2 
enthalt; 
(e)  Kuhlen  des  Hydrolysereaktionsdampfprodukts  unter  Bildung  einer  H2S/C02-Dampf  phase  und 
einer  sauren  Wasserkondensatphase; 
(f)  Trennung  der  H2S/C02-Dampf  phase  von  der  sauren  Wasserkondensatphase;  und 

45  (g)  Recyclisieren  des  sauren  Wassers  von  der  sauren  Wasserkondensatphase  in  das  Beschickungs- 
gemisch  von  (c). 

16.  Verfahren  nach  Anspruch  15,  dadurch  gekennzeichnet,  dal3  das  H2S/CS2-Reaktionsprodukt  etwa  zwei 
Mol  H2S  pro  Mol  CS2  enthalt. 

50 
17.  Verfahren  nach  Anspruch  15,  dadurch  gekennzeichnet,  dal3  weiter  reines  Wasser  zu  dem  bei  der 

Stufe  (c)  gebildeten  Beschickungsgemisch  zugegeben  wird. 

18.  Verfahren  nach  Anspruch  15,  dadurch  gekennzeichnet,  dal3  weiter  die  folgenden  Stufen  durchgefuhrt 
55  werden: 

(h)  Mischen  des  sauren  Wasserkondensats  mit  zusatzlichem  CS2  unter  Bildung  einer  sauren 
Wasserphase  und  einer  CS2  -Phase,  welche  gelosten  Schwefel  enthalt; 
(i)  Trennung  der  sauren  Wasserphase  von  der  CS2-Phase;  und 
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(j)  Recyclisieren  der  sauren  Wasserphase  zu  dem  H2S/CS2  -Gemisch  der  Stufe  (c). 

19.  Verfahren  nach  einem  der  Anspruche  15  bis  18,  dadurch  gekennzeichnet,  dal3  die  Kuhlstufe  des 
Hydrolysereaktionsdampfproduktsunter  Bildung  der  H2S/C02-Dampf  phase  und  der  sauren  Wasserkon- 

5  densatphase 
(i)  Kuhlen  des  Hydrolysereaktionsdampfprodukts  in  einer  ersten  Kuhlstufe  auf  eine  Temperatur,  die 
hoher  ist  als  der  Verfestigungspunkt  des  Schwefels;  und 
(ii)  Kuhlen  des  Dampfprodukts  in  einer  zweiten  Kuhlstufe  auf  eine  Temperatur,  die  nicht  niedriger  ist 
als  etwa  30  °C,  unter  Bildung  einer  H2S/C02-Dampf  phase  und  einer  sauren  Wasserkondensatphase 

10  umfaBt. 

20.  Verfahren  nach  einem  der  Anspruche  15  bis  19,  dadurch  gekennzeichnet,  dal3  das  CS2  in  einem 
Hydrolysereaktor,  der  einen  Katalysator  in  stationarer  Schicht  enthalt,  umgewandelt  wird. 

15  21.  Verfahren  nach  Anspruch  20,  dadurch  gekennzeichnet,  dal3  der  Katalysator  aktiviertes  Aluminiumoxid 
umfaBt. 

22.  Verfahren  nach  einem  der  Anspruche  19  oder  20,  dadurch  gekennzeichnet,  dal3  das  Hydrolysereak- 
tionsdampfprodukt  in  einer  ersten  Kuhlstufe  auf  eine  Temperatur  innerhalb  des  Bereiches  von  etwa 

20  1  20  0  C  bis  etwa  1  49  0  C  abgekuhlt  wird. 

23.  Verfahren  nach  Anspruch  22,  dadurch  gekennzeichnet,  dal3  das  Hydrolysereaktionsdampfprodukt  in 
der  ersten  Kuhlstufe  auf  eine  Temperatur  innerhalb  des  Bereiches  von  etwa  120°C  bis  etwa  127°C 
abgekuhlt  wird. 

25 
24.  Verfahren  nach  einem  der  Anspruche  22  oder  23,  dadurch  gekennzeichnet,  dal3  das  Dampfprodukt  in 

der  zweiten  Kuhlstufe  auf  eine  Temperatur  innerhalb  des  Bereiches  von  etwa  30  °C  bis  etwa  60  °C 
abgekuhlt  wird. 

30  25.  Verfahren  nach  Anspruch  19,  dadurch  gekennzeichnet,  dal3  das  Hydrolysereaktionsdampfprodukt  in 
der  ersten  Kuhlstufe  abgekuhlt  wird,  indem  das  Dampfprodukt  in  Warmeaustauschkontakt  mit  dem 
Beschickungsgemisch  der  Stufe  (c)  gebracht  wird. 

26.  Verfahren  nach  Anspruch  15,  dadurch  gekennzeichnet,  dal3  als  weitere  Stufe  die  CS2  -Phase  in  eine 
35  Schwefelentfernungsvorrichtung  recyclisiert  wird. 

27.  Verfahren  nach  Anspruch  17,  dadurch  gekennzeichnet,  dal3  als  weitere  Stufe  das  Beschickungsge- 
misch  vorerhitzt  wird  und  Wasser  bis  zu  einer  Temperatur  von  etwa  199°C  zugegeben  wird,  bevor  ein 
wesentlicher  Anteil  des  CS2  durch  Hydrolyse  umgewandelt  wird. 

40 
28.  Verfahren  nach  Anspruch  18,  dadurch  gekennzeichnet,  dal3  das  CS2  durch  Hydrolyse  bei  einer 

Temperatur  bis  zu  etwa  371  °C  umgewandelt  wird. 

Revendications 
45 

1.  Procede  pour  transformer  du  CS2  en  H2S  par  hydrolyse,  comprenant  les  etapes  consistant  : 
(a)  a  melanger  du  CS2,  ou  un  melange  H2S/CS2  contenant,  en  pourcentage  molaire,  environ  6  %  a 
environ  100  %  de  CS2,  avec  de  I'eau  pour  former  un  melange  d'alimentation  ; 
(b)  a  transformer  une  partie  importante  du  CS2  dans  le  melange  par  hydrolyse  en  un  produit  de 

50  reaction  d'hydrolyse  sous  forme  de  vapeur  comprenant  du  H2S,  du  CO2,  du  soufre  et  du  CS2  non 
transforme  ; 
(c)  a  refroidir  le  produit  de  reaction  d'hydrolyse  sous  forme  de  vapeur  pour  former  une  phase 
vapeur  de  H2S/CO2  et  une  phase  de  condensat  d'eau  acide  ; 
(d)  a  separer  la  phase  vapeur  de  H2S/CO2  de  la  phase  de  condensat  d'eau  acide  ;  et 

55  (e)  a  recycler  I'eau  acide  de  la  phase  de  condensat  d'eau  acide  au  melange  d'alimentation  en  (a). 

2.  Procede  suivant  la  revendication  1  ,  dans  lequel  I'eau  utilisee  pour  la  formation  du  melange  d'alimenta- 
tion  comprend  en  outre  de  I'eau  pure  ajoutee  au  melange  d'alimentation. 
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3.  Procede  suivant  la  revendication  1  ou  2,  comprenant  les  etapes  supplementaires  consistant 
(f)  a  melanger  le  condensat  d'eau  acide  a  une  quantite  supplemental  de  CS2  pour  former  une 
phase  d'eau  acide  et  une  phase  de  CS2  contenant  du  soufre  dissous  ; 
(g)  a  separer  la  phase  d'eau  acide  de  la  phase  de  CS2  ;  et 

5  (h)  a  recycler  la  phase  d'eau  acide  au  CS2  ou  au  melange  H2S/CS2  dans  I'etape  (a). 

4.  Procede  suivant  les  revendications  1  a  3,  dans  lequel  I'etape  de  refroidissement  du  produit  de  reaction 
d'hydrolyse  sous  forme  de  vapeur  pour  former  la  phase  vapeur  de  H2S/CS2  et  la  phase  de  condensat 
d'eau  acide  comprend  : 

10  (i)  le  refroidissement  du  produit  de  reaction  d'hydrolyse  sous  forme  de  vapeur  dans  une  premiere 
etape  de  refroidissement  a  une  temperature  superieure  au  poids  de  solidification  du  soufre  ;  et 
(ii)  le  refroidissement  du  produit  sous  forme  de  vapeur  dans  une  seconde  etape  de  refroidissement 
a  une  temperature  non  inferieure  a  environ  30  °C  pour  former  une  phase  vapeur  de  H2S/CO2  et  une 
phase  de  condensat  d'eau  acide. 

15 
5.  Procede  suivant  les  revendications  1  a  4,  dans  lequel  la  phase  d'eau  acide  formee  dans  I'etape  (f)  est 

pratiquement  depourvue  de  soufre. 

6.  Procede  suivant  les  revendications  1  a  5,  dans  lequel  le  CS2  est  transforme  en  le  produit  de  reaction 
20  d'hydrolyse  sous  forme  de  vapeur  dans  un  reacteur  d'hydrolyse  a  lit  fixe  contenant  un  catalyseur. 

7.  Procede  suivant  la  revendication  6,  dans  lequel  le  catalyseur  comprend  de  I'alumine  activee. 

8.  Procede  suivant  les  revendications  4  a  7,  dans  lequel  le  produit  de  reaction  d'hydrolyse  sous  forme  de 
25  vapeur  est  refroidi  dans  la  premiere  etape  de  refroidissement  a  une  temperature  comprise  dans 

I'intervalle  d'environ  120°C  a  environ  149°C. 

9.  Procede  suivant  la  revendication  8,  dans  lequel  le  produit  de  reaction  d'hydrolyse  sous  forme  de 
vapeur  est  refroidi  dans  la  premiere  etape  de  refroidissement  a  une  temperature  comprise  dans 

30  I'intervalle  d'environ  120°C  a  environ  127°C. 

10.  Procede  suivant  les  revendications  4  a  9,  dans  lequel  le  produit  de  reaction  d'hydrolyse  sous  forme  de 
vapeur  est  refroidi  dans  la  premiere  etape  de  refroidissement  en  faisant  passer  le  produit  sous  forme 
de  vapeur  en  contact  d'echange  de  chaleur  avec  le  melange  d'alimentation  de  I'etape  (a). 

35 
11.  Procede  suivant  les  revendications  8  a  10,  dans  lequel  le  produit  de  reaction  d'hydrolyse  sous  forme 

de  vapeur  est  refroidi  dans  la  seconde  etape  de  refroidissement  a  une  temperature  comprise  dans 
I'intervalle  d'environ  30  0  C  a  environ  60  0  C. 

40  12.  Procede  suivant  la  revendication  3,  comprenant  en  outre  I'etape  de  recyclage  de  la  phase  de  CS2  a  un 
dispositif  de  separation  de  soufre. 

13.  Procede  suivant  la  revendication  2,  comprenant  en  outre  I'etape  de  prechauffage  du  melange  d'alimen- 
tation  et  de  I'eau  ajoutee  a  une  temperature  d'environ  199°C  avant  transformation  d'une  partie 

45  importante  du  CS2  en  H2S  par  hydrolyse. 

14.  Procede  suivant  la  revendication  3,  dans  lequel  le  CS2  est  transforme  en  H2S  par  hydrolyse  a  une 
temperature  allant  jusqu'a  environ  371  0  C. 

50  15.  Procede  de  transformation  de  CS2  en  H2S  par  hydrolyse  dans  un  melange  H2S/CS2,  comprenant  les 
etapes  consistant  : 

(a)  a  faire  reagir  du  gaz  naturel  avec  du  soufre  en  exces  a  temperature  elevee  pour  former  un 
produit  de  reaction  H2S/CS2  comprenant  du  H2S,  du  CS2  et  du  soufre  n'ayant  pas  reagi  ; 
(b)  a  eliminer  le  soufre  n'ayant  pas  reagi  du  produit  de  reaction  H2S/CS2  pour  former  un  melange 

55  H2S/CS2  desulfure,  contenant,  en  pourcentage  molaire,  au  moins  environ  6  %  de  CS2  ; 
(c)  a  melanger  le  melange  H2S/CS2  desulfure  a  de  I'eau  pour  former  un  melange  d'alimentation  ; 
(d)  a  transformer  une  partie  importante  du  CS2  dans  le  melange  d'alimentation  par  hydrolyse  en  un 
produit  de  reaction  d'hydrolyse  sous  forme  de  vapeur  comprenant  du  H2S,  du  CO2,  du  soufre  et  du 

13 
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CS2  non  transforme  ; 
(e)  a  refroidir  le  produit  de  reaction  d'hydrolyse  sous  forme  de  vapeur  pour  former  une  phase 
vapeur  de  H2S/CO2  et  une  phase  de  condensat  d'eau  acide  ; 
(f)  a  separer  la  phase  vapeur  de  H2S/CO2  de  la  phase  de  condensat  d'eau  acide  ;  et 

5  (g)  a  recycler  I'eau  acide  de  la  phase  de  condensat  d'eau  acide  au  melange  d'alimentation  en  (c). 

16.  Procede  suivant  la  revendication  15,  dans  lequel  le  produit  de  reaction  H2S/CS2  contient  environ  deux 
moles  de  H2S  par  mole  de  CS2. 

70  17.  Procede  suivant  la  revendication  15,  comprenant  en  outre  I'addition  d'eau  pure  au  melange  d'alimenta- 
tion  forme  dans  I'etape  (c). 

18.  Procede  suivant  la  revendication  15,  comprenant  les  etapes  supplementaires  consistant 
(h)  a  melanger  le  condensat  d'eau  acide  a  une  quantite  supplemental  de  CS2  pour  former  une 

75  phase  d'eau  acide  et  une  phase  de  CS2  contenant  du  soufre  dissous  ; 
(i)  a  separer  la  phase  d'eau  acide  de  la  phase  de  CS2  ;  et 
(j)  a  recycler  la  phase  d'eau  acide  au  melange  H2S/CS2  dans  I'etape  (c). 

19.  Procede  suivant  les  revendications  15  a  18,  dans  lequel  I'etape  de  refroidissement  du  produit  de 
20  reaction  d'hydrolyse  sous  forme  de  vapeur  pour  former  la  phase  vapeur  de  H2S/CO2  et  la  phase  de 

condensat  d'eau  acide  comprend  : 
(i)  le  refroidissement  du  produit  de  reaction  d'hydrolyse  sous  forme  de  vapeur  dans  une  premiere 
etape  de  refroidissement  a  une  temperature  superieure  au  point  de  solidification  du  soufre  ;  et 
(ii)  le  refroidissement  du  produit  sous  forme  de  vapeur  dans  une  seconde  etape  de  refroidissement 

25  a  une  temperature  non  inferieure  a  environ  30  °C  pour  former  une  phase  vapeur  de  H2S/CO2  et  une 
phase  de  condensat  d'eau  acide. 

20.  Procede  suivant  les  revendications  15  a  19,  dans  lequel  le  CS2  est  transforme  dans  un  reacteur 
d'hydrolyse  a  lit  fixe  contenant  un  catalyseur. 

30 
21.  Procede  suivant  la  revendication  20,  dans  lequel  le  catalyseur  comprend  de  I'alumine  activee. 

22.  Procede  suivant  les  revendications  19  et  20,  dans  lequel  le  produit  de  reaction  d'hydrolyse  sous  forme 
de  vapeur  est  refroidi  dans  la  premiere  etape  de  refroidissement  a  une  temperature  comprise  dans 

35  I'intervalle  d'environ  120°C  a  environ  149°C. 

23.  Procede  suivant  la  revendication  22,  dans  lequel  le  produit  de  reaction  d'hydrolyse  sous  forme  de 
vapeur  est  refroidi  dans  la  premiere  etape  de  refroidissement  a  une  temperature  comprise  dans 
I'intervalle  d'environ  120°C  a  environ  127°C. 

40 
24.  Procede  suivant  la  revendication  22  ou  23,  dans  lequel  le  produit  sous  forme  de  vapeur  est  refroidi 

dans  la  seconde  etape  de  refroidissement  a  une  temperature  comprise  dans  I'intervalle  d'environ  30  0  C 
a  environ  60  0  C. 

45  25.  Procede  suivant  la  revendication  19,  dans  lequel  le  produit  de  reaction  d'hydrolyse  sous  forme  de 
vapeur  est  refroidi  dans  la  premiere  etape  de  refroidissement  par  passage  du  produit  sous  forme  de 
vapeur  en  contact  d'echange  de  chaleur  avec  le  melange  d'alimentation  de  I'etape  (c). 

26.  Procede  suivant  la  revendication  15,  comprenant  en  outre  I'etape  de  recyclage  de  la  phase  de  CS2  a 
50  un  dispositif  de  separation  du  soufre. 

27.  Procede  suivant  la  revendication  17,  comprenant  en  outre  I'etape  de  prechauffage  du  melange 
d'alimentation  et  de  I'eau  ajoutee  jusqu'a  une  temperature  d'environ  199°C  avant  transformation  d'une 
partie  importante  du  CS2  par  hydrolyse. 

55 
28.  Procede  suivant  la  revendication  18,  dans  lequel  le  CS2  est  transforme  par  hydrolyse  a  une  temperatu- 

re  allant  jusqu'a  environ  371  °C. 
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